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attached to a silicon nitride window ( Fig. 2A and Movie S1). First, a spherical particle
129
(indicated by an arrowhead in Fig. 2A ) formed. As it grew, the particle attained crystal 130 facets and, finally, transformed into an orthorhombic crystal with a characteristic shape 131 elongated in the <001> direction. In other experiments, we observed the nucleation of 132 orthorhombic crystals on ASPs ( Fig. 2B and Movie S2). A spherical particle (indicated 133 by an arrowhead in Fig. 2B ) was observed to nucleate and transform into an 134 orthorhombic crystal. Because the initial particle has a weaker contrast than that of an
135
ASP at the same size, the nucleated particle may have a different internal structure and 136 density, or shape, than that of the ASPs. This observation clearly indicates that the 137 nucleation event did not start within the ASP; instead, the ASP acted as a heterogeneous 138 substrate that enhanced the nucleation event.
139
To test the role of the ASPs in the nucleation process, we filtered the were removed from the filtered solutions. Then, the nucleation rates were drastically 142 reduced, likely as a result of the lack of heterogeneous substrates (9). Therefore, the 143 participation of the ASPs as heterogeneous substrates is crucial to crystal nucleation in 144 this system.
146
Evolution of the growth rates of nucleated particles
147
For additional insight into the nucleation process, we compared the evolution of the 148 lysozyme particle growth rates with known crystal growth rates. We measured the time two orders of magnitude than those during the steady state, which are the same as However, when we increased the electron flux to 2.9 × 10 3 electron nm −2 s −1 , the crystal 165 started to dissolve. In addition, we observed that the growth rate at 3.2×10 2 electron 166 nm −2 s −1 is constant, at least for 60 s, at a rate of 1.68 ± 0.03 nm s −1 (Figs. S7A and B) .
167
We also measured the growth rate of orthorhombic lysozyme crystals in a non-electron 168 irradiated environment using optical microscopy ( Fig. 7C) the growth slowdown to the evolution of the particle structure.
193
Growth rates faster than those recorded for faceted crystals at similar conditions
194
(15-17) suggest that molecules encounter lower barriers en route to the particle surface.
195
There are three barriers to the growth of a new phase: an enthalpy barrier related to the To demonstrate the appearance of a crystal within a non-crystalline particle, we show 
251
In contrast to earlier proposals (2, 3, 9-12), we demonstrate the action of two formed is reorganized into an ordered system (27).
We demonstrate that the crystals emerging from the non-crystalline particles are 273 rough and follow a normal growth mode, with faceting attained at later growth stages. plates were subjected to a hydrophilization treatment using plasma-ion bombardment.
338
Rates of growth of the lysozyme crystals examined using optical microscopy 339 We observed orthorhombic lysozyme crystals using phase-contrast microscopy (PCM),
340
and we measured their growth rates for comparison with those observed using TEM.
341
For these measurements, we used a growth cell (32) kV. Images were corrected using a MSC Model 794 (Gatan Inc. Pleasanton, CA, USA).
366
The sample solution was put on a micro grid, moved to a cryo-treatment, and was 367 placed on the cryo-TEM holder. After the treatment, the grid was maintained 368 continuously under −170 °C to prevent crystallization of the water. solution. An example image is shown in Fig. S3 . The ASPs were counted and the 373 surface area occupied by the ASPs in the plane was measured. By assuming that each 374 particle was spherical, we calculated the mean diameter of the ASPs to be 170 nm from 375 the number and total area of the particles. 
516
The size evolutions of particles L1 in Fig The radius r(t) was calculated using the logarithmic function from fitting in Fig. 3 of L2.
556
The mass of lysozyme in a particle at time t [Mc(t)] can be expressed as follows:
558
where Vc(t) is the volume of the crystal and ρ is its density. From the structure of the solution Vs that contains molecules that contribute to crystal growth can be expressed as 571 follows:
The total mass M of lysozyme molecules in this cylinder is VsC (where C is the initial 574 concentration of the growth solution ~15 mg mL -1 ). The value of Ms can then be 575 obtained by using M and Mc, as follows:
Finally, the concentration C * in the cylinder at t is given by the following expression:
The description of C * (t) is shown in Fig. S8B . 
